The effect of irregular in-row spacing on tuber production and yield of Russet Burbank potatoes was tested at 2 locations in 1979 and 1980. At a similar mean spacing, no yield reductions were observed when irregular seedpiece spacings (CV levels 25, 50 and 75o/o) were compared with evenly spaced seedpieces (CV level of 0%). No significant interaction was found between irregular spacing and seedtypes with mass ranging from 59.0 to 67.9 g.
Introduction
Many experiments have been conducted to establish optimum potato plant density while less work has been done to establish the effects of irregular plant density on potato crops. Schepers (24) used treatments of an increasingly erratic sequence of spacing, all with the same mean in-row spacing. Yields were not significantly affected by any strong deviations from regular plant spacing. Pascal et al. (21) compared regular spacing (based on a hand-fed planter) to irregular spacing (based on an automated planter) and found no significant differences in yield. Both Jarvis and Palmer (13) and Jarvis et al. (14) , used the coefficient of variation (CV) of the in-row seedpiece distribution to study possible yield effects. Both found nonsignificant reductions in yield with CV levels ranging from 0 to 60°7o. Jarvis et al. (14) suggested that the response to irregular spacing may be partially 94 AMERICAN POTATO JOURNAL (Vol. 61 dependent on the cultivar planted and the environmental conditions. Both Jarvis et aL (14) and Davies (6) concluded that the effects of irregular spacing on marketable yield increased when plant populations were too low for environmental conditions in a given year. Much work has been done to establish optimum seedpiece mass. Iritani et al. (11) , Painter et al. (20) and Jarvis and Shotton (12) are among the many researchers who have reported higher yields with larger seedpieces. Iritani et aL (11) found seedpieces of 57 g produced higher yielding crops than those grown from seedpieces of 42.5, 28.4 and 14.2 g. Several workers have stated that large seedpieces have a competitive advantage due to the greater initial size of the resulting plant (Black, l; E1 Saeed, 8) . However, the same workers observed that the difference in yield between plants grown from large and small seed was relatively small as compared to those resulting from differences in seed mass. Reestman and De Wit (22) , Taha (27) , Scott and Younger (23) and Svensson and Naglicka (26) found smaller seedpieces to be superior to large seedpieces in some instances as plants from small seed had fewer stems per plant and thus less intra-plant and inter-plant competition.
Plant mainstem number appeared to be a function of the seedpiece type as their production was unaffected by plant density (Bleasdale, 2; Svensson, 25) or by increased fertilizer application (Lynch and Rowberry, 16) . Recently, Cho and Iritani (4) found that the mainstem number was significantly affected by the planting date. They concluded that better control of tuber set is an important factor in controlling size of tubers at harvest.
Lynch and Rowberry (16) observed increased branch development at higher fertility levels and wider spacings. They suggested that this may be a form of compensatory growth and concluded that the relationship between axillary branch development and plant density ensured a similar leaf area index over a range of plant densities.
Hollow heart appeared to be plant stress related (Levitt, 15; Dinkel, 7; Crumbly et al., 5). Nelson et al. (19) found hollow heart to be reduced when plants were closely spaced, however no evidence appeared to be available on effects of irregular in-row spacing on this disorder.
The main objective of this study was to test the effect of irregular in-row spacing. As it is apparent that the seedpiece is an important factor influencing the crop outcome, the interaction between irregular spacing and three different seedpiece types used by Manitoba potato growers was tested. In addition, preliminary work was begun to monitor effects of different spacings on plant development.
Methods

General Procedures
In 1979, experiments were conducted at Carman, Manitoba on an Almasippi very fine sandy loam and at Barnsley, Manitoba on an Almasippi loamy fine sand. In 1980, experiments were again conducted at Carman and on a Nuenberg loam soil at Portage la Prairie, Manitoba.
Immediately prior to planting, furrows were made in the plot area using a potato planter without covering discs. A measuring tape was placed in the furrow and seedpieces (cultivar: Russet Burbank) were planted at predetermined in-row spacings. Rows were then covered with soil. Two guard rows were planted along either side of plot areas and in addition, single seedpieces were planted 45 cm from the first and last seedpiece in each row. The resulting plants were removed immediately prior to harvest.
The entire crop from each plot was harvested and graded into one of the following categories: 1) less than 5 cm in diameter; 2) greater than 5 cm in diameter and less than 284 g in mass and finally, 3) tubers greater than 284 g in mass. Also, a sample of 24 tubers per plot was sampled from the second and third grades and cut in half to allow detection of hollow heart. (1979; 1980) . This experiment was established in the field as a split plot replicated 4 times. Variation of in-row spacing was the main plot while seedtype was the sub-plot. Individual rows (22.6 m in length) represented single plots. Fifty seedpieces were distributed in the plots at four levels of the coefficient of variation of spacing; 0, 25, 50 and 75070. The coefficient of variation of seedpiece distribution has been used in the past to represent planting accuracy of potato planters (Jarvis and Palmer, 13; Jarvis et al., 14) . The CV levels used in this experiment were based on earlier planter surveys conducted by the Prairie Agricultural Machinery Institute, Portage la Prairie, Manitoba (P.A.M.I. Evaluation Report No. E1178A, 1978). They recorded fairly normally distributed in-row seedpiece distributions with CVs ranging from 45 to 70%. These observations were the basis for our treatments. Maintaining a mean of 45.7 cm, normal distributions were plotted to obtain the CV levels of 0, 25, 50 and 75°7o. Values within the distributions were in 5.1 cm increments. Within a given distribution, individual values were selected at random allowing random order of numbers with a known CV. Due to an error in the mean spacing (45.7 cm), data from the 75°7o CV treatment in 1979 were not reported.
Experiment 1--Seedtype and Variation of In-Row Spacing:
Whole seed and two types of mechanically cut seedpieces represented the three different seedtypes. The whole seed had a mean mass of 75.2 g and 77.6 g in 1979 and 1980, respectively. One lot of cut seedpieces was handgraded (mean mass of 67.8 g and 67.9 g in 1979 and 1980, respectively) while the other lot was left ungraded and had a mean mass of 59.0 g and 61.1 g in 1979 and 1980, respectively. (1980) . This experiment was established in the field as a split-plot replicated 3 times with seedpiece spacing as the mainplot and seedtype as the subplot. The three in-row spacings were 30.4 cm, 45.7 cm and 60.9 cm. Seedtypes used here were the same (Vol. 61 as in experiment 1 (1980) . Individual rows (12 m in length) represented single plots. Guard rows were established as previously described. Due to the large differences in spacing treatments, two guard rows were also planted between plots. The spacing within these guard rows corresponded to that of adjacent treatments.
Experiment 2--Seedtype and In-Row Spacing:
Two weeks prior to harvest five plants from each plot were sampled for mainstem number and basal branches. Branches were counted on the bottom 10 cm of the above ground portion of the mainstems.
Results
Experiment 1
The two main effects (CV and seedtype) generally affected the crop independently as there were no significant interactions for any variables.
Variations of in-row spacing had generally little effect on the crop although some differences were observed at all locations. Production of tubers in the total and marketable grades increased with increasing CV levels in 1979 while the opposite trend was observed at Carman (1980) ( Table 1) . At this location a significant decrease in total tuber production was recorded as the CV level increased from 0 to 75070, however, at Portage (1980) no clear trend was established. Total and marketable yields followed patterns of tuber production at all locations. Although no significant differences were observed, marketable yields for CV levels of 50 and 75070 were 14.2 and 24.7070 respectively, lower than for regularly spaced tubers at Carman (1980) ( Table  1 ). Higher levels of in-row CV resulted in slightly higher production and yield of oversize tubers in 1979 (Table 1) , while little effect was observed in 1980.
The type of seedpiece used greatly affected the outcome of the crop. Total yield was unaffected by seedtype in 1979 whereas in 1980 the larger whole seedpieces resulted in significantly higher total yield than that from the smallest seedtype tested (Table 2) . Seedtype affected marketable yields differently between years as the smallest seedtype resulted in the highest marketable yield in 1979 (significant at Barnsley) and the lowest yield in this grade in 1980 (significant at Portage). Yields of the small unmarketable potatoes were greatest for the large seedtype at all locations with significant differences recorded at Barnsley (1979) and Carman (1980) ( Table 2) . Yield of oversize tubers increased with decreasing seedpiece size in 1979, while little effect was observed in 1980.
Seedtype used affected tuber production in a similar manner. The largest seedtype produced the highest total tuber number as well as the highest number of tubers in the unmarketable grade at all locations (Table 2) . Production of unmarketable tubers was most dramatically affected by the year as the 1979 crop produced over three times as many undersized tubers as in 1980. Tuber initiation in 1797 took place under relatively moist conditions and the balance of the growing season was very dry. Moisture conditions were reversed in 1980, resulting in a lower tuber set and better environmental conditions for tuber bulking. Although seedtype had no significant effect on production of oversize tubers, two to three times more oversize tubers were produced in 1980 than in 1979 (Table 2) . Percentage hollow heart was markedly different between years with much higher values in 1979 (Table 3) . At most locations incidence of this disorder increased slightly with increasing CV levels. Mass of seedpiece had little effect on hollow heart except at Portage (1980) where levels of the disorder were found to be significantly higher for the smallest seedtype. 
Experiment 2
This experiment was conducted at Portage in 1980 only. Results are of interest as they introduce factors which may explain the apparent adaptability of potato plants to large differences in their spatial arrangements.
Reductions in tuber production and yield in the total and marketable grades were generally observed for both decreased seedpiece mass and in-(Vol. 61 creased in-row spacing. Significant differences were observed for spacing only (Table 4) . The closest spacing resulted in significantly higher tuber production and yield of unmarketable tubers, while no significant differences among spacings were recorded for the marketable grade. 2Means in a single column without a common letter are different at the 5% level using the DMR test.
Although the seedtype-spacing interaction was non-significant for tuber production and yield, it will be discussed briefly as important trends were observed. The large whole seedtype maintained relatively high tuber production and yield for all spacings (Fig. 1) . However, plants grown from the smallest seedtype were affected more as their tuber production and yield decreased markedly with increased in-row spacing. Performance of the cut (hand-graded) seedtype was similar to the largest seedtype except at the 45.7 cm spacing where an unexplained yield trend occurred. It appeared from these data that using seedpieces of greater mass may result in more consistent yields at various plant densities.
Mainstem and axillary branches per plant are shown in Figure 2 . Mainstem number increased significantly (P = .05) for each increase in seedpiece mass and were not generally affected by plant spacing. As there is an apparent relationship between seedpiece mass and mainstem number, mainstem density may be a good measurement of density as suggested by Reestman and DeWit (22) and Iritani et al. (11) .
Secondary stems arise as branches from mainstems (Harris, 10) . The seedtype-spacing interaction was found to be significant here as the number of axillary branches increased with each increase in spacing for all seedtypes ( Table 5) . The relationship was found to be significantly linear for the whole seedtype. Also, plants with fewer mainstems were found to produce more branches per mainstem (Table 6 ). From these observations it could be suggested that branching may be a form of compensatory growth which increases with reduced intra-plant and inter-plant competition.
Discussion
Results from experiment 1 showed that irregular spacing had generally little effect on yield, supporting results by Schepers (24) and Pascal et al. (21) . It has been found that the effects of irregular in-row spacing are more marked at lower plant populations (Davies, 6 ) and the effects are most serious when the plant population is below that needed for optimum marketable yield (Jarvis et aL, 14) . As growing conditions were generally more favorable in 1980 than in 1979, it could be suggested that the 45.7 cm mean spacing used in this experiment was too close for conditions in 1979 while being better suited to conditions in 1980. Therefore, the crop in 1980 may have been more predisposed to the effects of irregular spacing and as a result effects of irregular spacing were more pronounced that year (Table 1) . Seedpiece placement in Manitoba potato fields has been found to be quite irregular with CV levels ranging from 50.1 to 76.5o7o (Entz and LaCroix, 9) . As plant populations are difficult to predict for environmental conditions in a given year it could be speculated that in some years the plant populations in potato fields (Vol. 61 will be below that needed for optimum marketable yield. Therefore, yield losses due to irregular spacing could be expected in some years. 26) . However, other evidence would indicate that high intra-plant competition may not always be a problem. For example, results from both experiments 1 (1980) and 2 showed large seed to be generally superior, especially at the 45.7 and 60.9 cm spacings tested in the latter experiment. An observation which may help clarify the contrasting results observed between years is the markedly higher tuber production for all seedtypes in 1979 than in 1980. This would suggest that the seedpiece mass is not the sole determining factor to tuber set and therefore reduction in marketable yields due to high intra-plant competition may not be exclusive to plants grown from large seedpieces. Also, the observation of more favorable environmental conditions for tuber bulking in 1980 relative to 1979 would suggest that tuber set-growing regime interactions can occur and that these interactions could determine the severity of intra-plant competition.
Compensatory growth observed in experiment 2 may explain further the higher efficiency of smaller seedpieces observed in some instances. Due to their inherently lower mainstem number, small seedpieces appear better adapted to closer spacing. At the same time this seedtype appears to be able to compensate for wider spacing by increasing branch number. However, results from experiment 2 also demonstrated that there exists a limit to compensatory growth and that plants grown from small seed reach this limit sooner with increased spacing than plants grown from larger seed (Table 6) . Therefore, it could be suggested that large seedpieces may be superior in situations of low inter-plant competition resulting from wide spacing.
The previous discussion described apparent plant cbmpetition observed in these experiments and also indicated the possibility of seedtype-year interactions which have been observed by several researchers (Taha, 27; Iritani et al., 11; Cho and Iritani, 4) . Although the seedtype-spacing interaction was not significant in experiment 2, this interaction has been found by others (Iritani et al., 11) . It could therefore be speculated that seedtype-year-spacing interactions could frustrate attempts to estimate the seedpiece mass and spacing to be used by growers. Also, this inter-relationship could determine whether yield losses due to irregular in-row spacing would occur.
As the crop outcome in a given year appears to be a function of the presence or absence of plant stresses, much of the previous discussion may apply to the incidence of hollow heart. The most significant observation here was the markedly higher percentage of hollow heart in 1979 than in 1980; plant stresses appeared to be much greater in 1979. Significant yearhollow heart interactions have been observed by others (Nelson, 17; Nelson and Thoreson, 18) .
